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AN INTERIM REPORT ON BOILING TESTS OF 
INSULATION POR UNDERGROUND HEAT DISTRIBUTION SYSTEMS 


by 

Selden BD, Cole 
and 

Paul R, Achenbach 


1. Introduction 


Ags part of a research program on the characteristics 
i uired of insulations to be used in underground heat dis- 
bution | sy boiling tects were made of selected insul- 
= that have been used in this application. The 


new spec. 

dated Rapehs ee 1958, based on the reccmmendat tons contained 
in Federal Construction Council Technical Report No. 30, pre- 
pared by the Buliding Research Advisory Board. 


The test procedure requires that an $-foot specimen of 
the insulation be applied to a nominal 4-inch pipe in a tank, 
submerged with water, and boiled for 72 hours by maintaining 
eS: psig ghee pressure on the 4-inch pipe. After drying for 


eee city ’ specimen is to be eliing, fre in terms = — 
¢ Prsescth 1 upturing, swelling, ing, ma’ 
fallen Prom the pipe, 2 and separation of the joints. 


Five materials have been subjected to this boiling test: 
Kaylo, Thermobestos, Unibestos, Foam-Sil, and Fiberglas, ‘Some 
have been tested more than once and Fiberclas has been tested 
in blanket, loose fill, and premoided forms, Loose fill Fiber 
gias has also been bolled for 72 hours inside a clay tile con- 
duit system. Some experimentation has been comducted on methods 
for covering the insulating material and for securing it on the 
pipe, The specimens that have been tested are summarized in 
the following table. 
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3. Discussion and Conclusions 


The conclusions drarn riding the effect of bolling on 
five types of insulation, as indicated by the results of the 
tests, are siwemarized below, followed by some general con- 
elusions regarding the application of insulations to underground 
piping. These conClusions are based on the test results sum- 
Marized In Section 4 of this report. ‘The results in successsive 
teste of the same material were not always consistent. Thus, 
Nagas clwions. ive study might lead to some modifications In 

conclusions 


Effect of Bolling on Five Types of Insulation 


Kaylo: This insulation will probebly withstand 72 hours or 
more of boiling without falling off the pipe or being 
oiee into pieces if straps are used to secure it to the 
ee . Appreciable erosion occurs at the joints in 3 to 
days of boiling, such that a gap of an inch or more 
may develop at the joints. 


ee ceaings This SRSUIRE Lor gary to awent sone goto 


reat or rie In a second test ‘three sections in 
auccession broke and each fell off "within 72 hours, using 
Straps for support in each case, 


Unibestos: Based on the results of one test only, it appears 
that this material will remain on the pipe for 72 hours, 
~ under aneerk conditions, with appreciable spalling or 
as ee of of lly outer layers. ‘The binder is 

cached out ng the outer surface soft and spongy 
as etinates te to te hard character when new. There 
appears to be no swelling of the material. It adheres 
to the pipe after boiling, 
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-PoaieSt2s “Zhe Foam-Sil material itself does not appear to be 
affected by boiling water, There is virtually ne ero- 

sion or other loss of material. ‘The cement used to 

“Beal the layers together in manufacture is weakened 

tn 1a ours of boiling and some > sevesaene could be 


.... damsulation Satah Stade the’ aeeeas of water to the 
neler steam pipe somewhat under flooded conditions. 
| Pibergias: ‘This material has been subjected to boiling water 


an the FRLLOSINE eonditions and in the ane 
forms: 


eee e cloth. pitied on a pipe with i/J-inch hard- 
oose 11 supported on & pipe with 1l6é-mosh wire 
aa stent 
¢. Loose. atl in the Stillwater Clay Products conduit. 
G. Molded 1”. ick Supperted by straps and wires, 


os 9! Molded 1-1/2" thick supported by straps and wises. 
& Blank Molded 1- cesee a aoe a senna sereen, 


~~ * Im all forms of Piberglas, the boiling water causes 4 
senching Agtian An the class fibers unigh weckens them and 


pA i ; idly near the pipe yrs at greater distances, At the 


rie Paes Pe Bive supers to naked eyes to be pulverized 
& Gonnisteney Ur dust, but. 2 atimdee ¢ examination shows 
Ad at still has 4 fiprous characte oseopie examinut is a tang- 
lec apps ia to the fibers. Somewhat farther out from the 
ipe, individual fibers are covered with translucent blis- 
rs or even clusters of such blisters, ‘The nature of these 
Stistass is not known unless it is the products of the leaching 
action of water on the glass, 
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| The of fopetyepese 3 the rig as an insulation Sore 
not appear grea reduced Zz as long as ins- 
gE on the pipe in its dedathat thickness and with- 


ged eee of the insulation in a tank appears to 
Ly break up the fitters and eventually substantial 
amounts the material are lost by falling inte the bottom of 
the a “The rate at which this loss oceurs, Appears to be 
7 to the uniformity of packing the nnggee the pen 
Of the pack, whether or not a binder us used, and the size of 
enings in the covering material, Generally apeaking, a fac- 
: le insulation envel eonsisting of compressed blankets 
of Piberelas will not deteriorate as wapidiy as leose f1li 
material applied te the pipe by hand. Insulation, wrapped in 
@ 26-mesh plastic ox metal screen, will not be lest as rapidly 
as begs. same material wrapped in if/i-inech hardware cloth. 


as _ tory-made envelopes using planket Piberglas insulation, 
es tade by the Ric~Wil me i fg premoided Fiberglas 1-1/2 inches 
‘thick and with Ifemesh screen, and premolded PMiberglas 
1-1/2 inches thick, secured with steel bands at 1-feot inter- 
vals, will all withstand 7e hours of bolling without appreciable 
ee ef gets gee Loose iii Siberglas hand pecked to 4 den- 
or 7~) unda will suffer appreciable loss in 72 hours 
Fiet ing wi either l6<mesh ox 1 ieinch mesh wrapper. The face 
tory-made blanket envelope and the premolded envelope wrapped 
in wire mesh both auffer noticeable loss of material after boil- 
ing 144 hours whereas, a section of the premolded material, 
ri by Stee fell off the pipe during 144 hours of boil- 


Botting loose e111 dvergise insulation inside a clay tile 
conduit system of the type manufactured by the Stillwater Clay 
ss Company resulted in the loss of an appreciable amount 
i 1 within 3 feet of the vent pipe at one end, and very 
Little less in the remainder of the test specimen during a 7z~ 
nue ae p xeeeee The vent pipes were attached to the conduit 
f the arch ‘tile, The insulation was packed to a den- 
ties vork 35 “ypfeu ft | 
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in @ ey ot installation, such 4 system would probably be 
vented from side blocks instead of at the top of the arch. 
In this case, the steam would leave the insulation cavity through 
GieAggl Ghee et sachet te sonttinted side biecks and. the 
water | 1 wOULd be at about this same height. The presence 
ealpaeer sing cognse upper part of the arch tile would prob~ 
ably red pws agitation within the insulation as 
oe, to that when the conduit was completely ?Pilled with 
water, By using 16-mesh sereen over the openings in the side 

the loss of material at these openings could be reduced. 

It is probable that a solid enclosure for loose fill insulation 
guch 43 that used in the clay tile system, would prevent loss of 
fibrous material during 4 boiling period oF Fe hours as effect- 
ae as a sereen mesh wrapper in the boiling tank, if not more 
30, 


Ch:ttun ether dandy 8h Se aloo probable that prolonged. botl- 
SAG UE ESO TEL AS ARAL IO OFOr & period of days in a clay 
tile system would serious taketlannh the insulation, so such 
an ieee i where frequent flooding could occur. 


General Conclusions 


Wire bands should not be used to secure insulation on pipes 
underground, 


Straps should not be made of light-gace metal, Expansion 
ef the insulation can cause the eyes to cut light-sage atraps. 


Molded insulation should fit the pipes snugly. Loose sec- 
tions of insulation will often vibrate on the pipe during boil- 
ing and cause the straps to cut the insulation into pleces. 


Brittle materials shoule not be strapped so tightly, that 
Pipe expansion will put tension on the insulation, 


Except for the cellular glass, the boiling water will cause 
some erosion at the longitudinal joints anc the butt joints 
between oo lengths, It will alee erode channels or holes 
through the body of fibrous inaulations . 


Complete wrappers of wire mesh or suitable plastic mesh 
(16-mesh or smaller) will probably minimize spalling and slough- 
ing off of insulation on an underground pipe more effectively 
than straps under boiling conditions, 
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The boiling tests made thus far indicate that all five of 
ry materials tested will probably deteriorate significantly 


ge continues indefinite Foam-Sil was probably the 
Test affected by boiling, but wat tes t of the material on the 
: ts 


determine the likelihood of gic sod the insulation or 
"vonency to vibrate on the pipe. 


"Mme deleterious effect of Bow yorre ; water on most insulating 
material now used for under pi. systems, as revealed 
by these tests, emphasizes the need for continuous effort to 
design such systems so they will function many years before 
water gains access to the eseanaiens no matter what the nature 
of the terrain, 
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. The results observed during each boiling test are summarized 
arately in this section, ‘The summary identifies the material 
and and its dimensions, the method of application, the condition of 
the insulation at the conclusion of the boiling test, anid one 

or more ot sesiqelndeie of each pene: 
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BOILING TEST OF PIPE INSULATION 


Specimen 1 

Description of Material 
Manufacturer: Owens=-Corning Fiberglas Company 
“Identification name or symbol: Pre-molded Fiberglas prs Standard 
Binder used: Organic themmosetting resin 
Length of sections 3 2 
Thickness of insulation: 1 in, 
Covering: Light cloth fabric 


Pipe diameters 4 in. 


Method of Application 
Method of fastening: ist section - Four 3/4-in. straps, 
1 ft apart 
and section - Four No, 12 copper wires, 
2 F% apart 


Position of jointss 1st section - Joints vertical 
end section =~ Joints horizontal 


Covering used: Light cloth fabric 


Other features: Fourth strap on Ist section covered lapped 
fabric at joint between sections 


LF ria 
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Test Results 
Amount fallen from pipe: Top half of lst section fell off. 
: Bottom half dropped down and resting 
on straps. end section intact. 
Eccentricity: None on 2nd section 
separation at joints: None on 2nd section 
Cracks and ruptures: None on 2nd section 
Fraying: None : 
Swelling: Slight swelling on end section 
Erosion: Some erosion on: interior surface and at joints 
Other damage: None 


Moisture retention: Not measured 
Percent 


Reference to photographs: Fig 1 shows initial appearance; right 
: ee Bode specimen, 
Fig 3 shows ist section gone after 
72 hours; right specimen. 
Swelled appearance of 2nd section is 
primarily the stretched fabric covering. 
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BOILING TEST OF PIPE INSULATION 
Specimen 2 


Description of Material 


Manufacturer: Qwens-Corning Fiberglas Company 


Identification name or symbol: Kaylo ~ Pre-molded calcium 
silicate and asbestos fibers 


Binder used: Calcium silicate 
Length of sections 3 it 
Thickness of insulation: 1 in, 
| Covering: Light cloth fabric 
Pipe diameter: 4 in. 


Method of Application 


Method of fastening: Ist section ~- Four 3/4-in. straps, 1 ft apart 
end section - Four No. 12 copper wires, 
i ft apart 


Position of joints: list section + joints vertical 
end section - joints horizontal 


Covering used: Light eloth fabric 


Other features: Fourth strap on lst section covered lapped 
fabric at joint between sections 
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Test Results 


Amount fallen from pipe: Farts of 2nd section. ‘See Fig 3; 


Lert specimen, jist section intact. 


Eccentricity: None. 


Separation at joints: None 


Cracks and ruptures: Insulation cut by wires on énd section 


Fraying: 


Swelling: 


Erosion: 


and broken into pieces. Top half of @nd 
section dislocated. See Fig 3; left 
specimen. 

None 

None 


Some erosion at joints 


Other damage: Cloth fabric torn on ana section 


Moisture retention: Wot measured 


Percent 


Reference to photographsr Fig 1 shows initial appearance; 


left specimen. 

Fig 3 shows rupture of 2nd section as 
it appeared after 72 hr of boiling; 
left specimen, 
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BOLLING TEST OF PIPE INSULATION 


Manufacturer: Pittenureh onaing Company 


Identification name oF Symbol: Foam-311. Freemolded closed 
ee1] glase foam. 


Binder used: Mone, Fused material, Bach piece made of two 
| layers cemented together longitudinally. 


Length of section: 17 in. 
Thickness of ingulation: 3 in. 
Covering: None 

Pipe diameter: 4 in. 


Method of fastening: ist and and sectiony « Two 3/4~in, straps, 
Seite : @ in. from ends. 
Sra section ~ One strap and one wire, 
2 in, from ends, 
hth ane Sth sections « Two No. lz copper 
wires, 2@ in. from ends. 


Position of joints: a“ ard, Sth sections « joints vertical 
» Sth sections « joints horizontal 


Covering used: None 
Other features: Hone 


tl 


me 
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Amount alien from cinet Hone 


Becentriedty: Sith section out by wie. ‘ontes, Lewer hair 
dropped slightly from slack in wires, 
Separation at Jasnta: fone 


Cracks and se emasee Vibration of fourth pe WLPee 
| to eut inte ineulation, but it ces ast 
severed, See “ 4s iets ain. 


Moleture retention: Nok measured. Non-hyprosscopic material. 
 fercent Se 


Reference to leeecenshas Pig 2 shows initial appearance; 
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 € @ aiter Te hr 
boiling. Dislocation of 4th section 
from cutting by Wires shown in leit 
a@pecimen. 
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Hanufacturert Uaion Asbeatos anc Rubber Company 


Identification nian er syubols Univestos., Pre-molded asbestos 
Piners. 


i fie used: Silicate 
Length of seetion: 3 ft 
Thickness of insulation: a afe in, 


8 gel None. ‘Extertor surface made quite hart with 
bpimder cometenceen 


* 


Pipe diameter: 4 in. | 


Method of hbeiiees lav asthion = . Pour lates gtvapa, 1 it apart 
Bnd section « oe lie. ig copper wires, 
; apart 


Position of Jointer ist section - jolnts horizontal 
Pe aoe. section - joints vertical 


Qther features: None 


A i ot ‘watertal rece “Vout from cater surface 
ae of Ast section, dee Fig 4, right specimen. 


. Bimfier leached ‘ou of insulation. Surface 
appreciably aowtened, 


she ture retention: O.7 percent 


ogruphs: Fig 2 pan initial appearance: 
ge apecimen. 

Pig 4 shows lose of material on top 
pad lat — ge apecimen in 
POPSEL OL : 


ong achered to the pipe at the end of 
‘A @raper bad to be weed to loosen the 
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TEST OF PIPE INSULATION 


a | “ Deseription of Material 
Manufacturers Ricwitl » Seebional ph maaricareti Pipe Insulation 


' Identification name or _— - » Blanket Piberglas as used 


Binder used: Fiberglass oiled treatment only 

. Berngth of section: 2 ft with overlapping screen joints 
@hiclmess of insulation: 1-1/2 inches ~- 7-1/2 lbs density 
Covering: 14 x 16 mesh fiberglas strands plastic coated. 
Pipe @iameter: 4 in, 


of f at 
Method of fastening: Prepared sections slipped on pipe 
Position of joints: Only butt joints in this construction 
Covering used: Fiberglas screen held with metal staples. 
Other features: <2 in, lap ef covering at butt joints. 


a= 


Test Results 


‘Amount fallen from pipe: Slight loss after 72 hr. 


 Eeeentricity: Slight 


Separation at joints: None after 72 hrs - open after 144 


Cracks and ruptures: None after 72 hrs. 
‘Praying: None 


Pe ee ee 


Swelling: None after 72 hrs. 


‘Erosion: Slight after 72 hrs, 
Other damage: Plastic covering brittle after 14 hrs, 
: Moisture retention (percent): ory 
“Reference to photographs: Fig 5 - after 72 hrs boili 


| nE 
Fig 6 = buttjoint uncovered to show 

pr ren yg joss of wool 
Fig T « er 144 hre boiling shows 
some loss of fibergias wool 


ak ee ona an 


eet, <a hee 


pi aera 


BOILING TEST OF PIPE INSULATION 


Specimen 6 
Description of Material 
Manufacturer: Owens-Corning Fiberglas Company 
Identification name or symbols Loose-fill Fiberglas 
Binder used: : ‘None 
Length of section: Tt<2" 
Thickness of insulation: 1.5 in. 


Covering: 4 in, mesh galvanized hardware cloth used to retain 
os ‘P1121 cneulation on pipe 


Pipe diameter: 4 in, 


Method of Applicat ton 


Method of fastening: A weighed amount of loose fill Fiberglass was 
: spread as evenly as possible on a Plat piece 
of 1/8 in, mesh hardware cloth and held in 
place with big stitches of cotton string, 
See Pig 8 and 9. Even thoiigh the insulation 
was spread as evenly as possible, there was 
an appearance of clumps in the layer and 
probable variations in density. The width 
of the mesh wrapper and the amount of insulation 
used was such that the insulation would be com- 
pressed to a density of 7lb/eu ft and a thick- 
ness of 1-1/2 in, when wrapped around the pipe 
with the wire mesh overlapping one inch at the 
es. The wire mesh r was held in place 
with 3/4 in. bands spaced in. apart, 
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‘Test Results 


Amount fallen cron pipe: 


‘Other camages 4 4 in. B. pipe 


an seh 


eterence | te Ti nccis 


About reent as weighed before 
and af: a balline id 


@, as voids 
zposed in appeased 


pattern in neny pees insulation 


Fig 8, left going shows appearance 

after 72 hrs | 
Pig 9 shows close-up view of vou in the 
insulation 
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BOILING TEST OF PIPE INSULATION 
~ Spéeimen 7 
Deseription of Material 
: Manufacturer: Johns-Manvi ile 
“Ydentification name or symbol: Thermcbestos 
Binder used: A calcium silicate product with asbestos fibers 
Length of seetion: 35 in, 
Thickness of insulation: 11/2 in. 
Covering: None 
Pipe diameter: 4 in. 


Method of fastening: ist section « 4 straps 
end aection « #lz pie in ak wire 
3ra section « strapped 


Position of joints: Ist section ~- Joints horizontal 
gnd section ~ Joints vertical 
3x0 section « Joints horizontal 

Covering used: None 


Other features: Jrd section - was about 15 in. long, 
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| Amount fallen from pipe: None 

_  &eeentrieity: None | 

| ration at joints: Slight, except short piece which a 
; 4 ae tnat pipe was meee i _ 


» Eresion: Slight outside edge of all joints 


eg —, Wire eut into insulation a distance equal toe its 
et Giameter in some places 


sifaneies to photographs: 8, rt ae s pecimen, shows arance 
° wt after’ 72 wa toiling. Hote 5 t 
aarels eien of longitudinal joint and 
+ embedment of wire at farther end 
” of the middle section 
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BOILING TEST OF PIPE INSULATION 


Specimen 3 
Dil a Deseription of Material 
Manufacturer: Owens-Corning Piberglas 


identification name or symbol: Preformed 1.5 in, Fibergias 
, | : (ow temperature) 


aniec thermosetting resin 
_ Length of section: 7 ft ~ 1 in, 
| Thickness of insulation: 1.5 in. 


Covering: Vapor barrier paper removed from original product. 16-mesh 
Ayahised screen wrapper applied in the aaboratery. 


i Pipe diameter: 4 in. 


| Method of fastening: 46 mesh galvanized wire fastened every 2 in, 
— | longitudinal joint with #22 copper wire 
| Position of joints: ist section ~ Joints horizontal 

Ith end section « Joints vertical 

3rd section - Joints horizontal 


Other features: Wire mesh wrapper in one piece with 1 in, lapped 
. seam, 


; nagarecicn at joints: “onty slightly at butt joints after 120 hrs. 
Cracks and ruptures: None after 48 hrs. 

| Fraying: None atter 4g hrs. 

Erosion: "ems hre, Slight erosion at butt Joints after 


BAe t No damage that eould be ohoneeatl atter 72 hrs. Except 
for the slight erosion at the joints and the usual 
embrittlement of the class fosagios this specimen was 
ain goed eondition after 120 hrs of bolling. | 


i. Moisture retention (pereent): Not measured 
q Reference to : 10 is view of the imen after 
| Beerene te mtoemehey Tg 1022 ri of the ae 


BOILING TEST OF PIPE INSULATION 
Specimen 9 
Description of Material 
‘Manufacturer: Owens-Corning Piberglas Company 


Tdentitication name or symbol: Tae oman es Be Piberglas 


temperat 
Bindéer aseds Sparen thermosetting resin 
‘Length of section: 3 ft 

Thickness of insulaticn: 1.5 in, 

‘Pipe diameter: 4 in, 


Method of Application 


“Wethed of fastening: ct section - 4-3/4 in, straps 
end section « re copper wire 
3rd section ~ 2ef12 copper wire 


| Position of joints: lst section - Joints vertical 
end section - Joints horizontal 
3rd section - 45° 


ole 


se Test Results 
. Amount fallen from pipe: None as pieces 

‘ ‘ecentricity: Insulation layers flared out at seams 

| Separation at joints: Joints opened from 1/6 in, to more than 1 in. 
- Cracks and ruptures: No cracks or complete ruptures but surface 
yee eut by wires 


‘Praying ying: All joints showed freying. more extensive on 
_ ". - geeond section with joints oon horizontally. ‘See Fig 11 


| Swelling: Slight 

ie ‘Brosions All seams showed erosion with delamination evident 

Other damage: Wires cut into insulation. See Fig 12 

Moisture retention (percent): Not measured oe 

Reference to photographs: fig 11 shows appearance after 72 hrs boil- 
fastened with uizuar Wlrcored elew of 


second section shows nature of the fraying 
and delamination at the horizontal joint 
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BOILING TEST OF PIPE INSULATION 


Specimen 10 

‘ Desexription of Material 
"Manufacturer: Pittsburgh Corning Glass Company 
__ Identifieation name or symbol: PoamSil - A cellular silicate 
Binder used: 99 + % pure silfea 

Length of section: 17 in, 
“Thickness of insulation: 1.5 in, 
Covering: one 

“Pipe diameter: 4 in. 


Method of. fastening: With clamps serew thread tightened 


. Position of | Joints: ‘lst section ~ Joints horizontal 
le end section - Joints vertical 
3rd section - 45° 

4th section « Joints horizontal 
5th section - Joints vertical 


Covering used: None 
Other features; All joints tight to slight crushing 


| Becentricity: None : 

L. | Separation at joints: Slightly at butt joints | 

| Cracks and ruptures? About half of the individual pieces cracked | 
circumferentialliy 


when steam was first turmed on. 
No additional cracks developed during the test. 


4 “SwelLings Mone 
i ( ‘Erosion: Some of the cement used in fabrication of sect 
7 "appeared but not to point of unsealing joints after 1 } Ars. 


oo cameos Sections eracked on initial heating but eracks had not 
| after 144 hrs. Cracks may have been caused by 
See a > handing and pipe expansion on oe 


| Falie retention (percents None 


na to photographe: Bic, 13 13 shows appearance of Foam-Sil after 
oa 72 hrs polling — 
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Length of sections: 


Coverins: None 


Method of fastening: 


Position of joints: 


BOILING TEST OF PIPE INSULATION 


_ Specimen 11 


_.._.  Deseription of Material 
l Diiastener: " Johsn-Manv {tie Company 
| Identification name or symbol: Themobestos, Premolded Caledum _ 


and asbestos fibers 


t Binder used: Calciwa silicate 


36 in. 


Thickness of insulation: 1,5 in. 


Pipe diameter: 4 in, — 


‘Hethod of App. lication 


ist section « Four h in. n. strapo of alumina 
end section - Fibe tially sewed at 
the longitudinal nag enn nao metal straps 
added after 72 hrs because plastic mesh had 
stretched, 


ist section + Joints horizontal 
end section ~ Joints vertical 


Covering used: None except fiberglas mesh on second section 
Other features: ig nc atraps replaced with steel straps after 
hours 


oie 


at fallen from pipe: let section fell off in less than 24 hrs 


CO lei i. oe. lst section replaced and a straps used, 
ie Sin oo iat ~~ vic Bn goody hours boil-— 


and boiled tor an additional 
oy grr ae one piece breaking off. 


Cracks and ruptures: At At te hours, seams of mesh-covered sections 


dnout 2 in. 2 straps were added 


short mapnepee section, 
Other eentee: Some erosion at joints after Mik hours of boiling. 
Noisture retention (percent): Not measured 


oN Re erence to photographs: Fig 1 shows condition of mesh-covered 
a section after 144 hours of boiling. — 
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BOILING TEST OF PIPE INSULATION 


Specimen 12 
Deser m of 

| | Manutacturer: Owens Corning Vinergias Company 

| Identification name or symbol: Losse £121 Piverglas wool 

| Binder used: None 

| Length ©f section: 7 ft + 2 in, 

| Thickness of insulation: 1,5 in, 


| anos 1/4 in, mesh galvanized hardware cloth to retain loose 
: d fitl insulation on pipe 


Pipe diameter! 4 in, 


] nethod of fastening ‘A weighed anount edcdimaninectakl mene ainesnia 

4 pred po 4S possible on a flat piece 

, 1/4 4m, mesh hardwere cloth and held in 

3 me Pe with big stitches of cotton string. 
See Fig 15 and 16. Even the insulation 
was Spread aa evenly as possi le, there was 
an appeartince of clumps in the layer and 
probably variations in density. width 
of the mesh wrapper and the amount of insulation 
used was such that the insulation would be come 
pressed to a density of 7 lb/eu ft and a thick- 
ness of 1-1/2 in, nm wrapped around the pipe 
with the wire mesh overlapping one inch at 
edees, The wire mesh wra was held in place 

with 3/4 in, bands spaced in, apart, 
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Test Fesults 
amount falen from pipes spout £9 percent as weighed dry before and 


tne damage: 7 Blagg od many places | as welds in an irregular 


Moisture » vetention (percent): None 
Fig artes fe left eft specinen, ahows appearance 


ie mye bottom specimen, shows closeup 
of yoids with a mirror image of the 
undemeath portion, 


Lsitpia Remuinations of Insulation:  saiipléd’ef dnculatéon were 
taken from the specimen at several locations after the 
test fox microscopic examination. Microphotographs were 
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iéa shows the smooth, transparent, hag age 7 
@ppearance of the fibers when new, shows the 
 @ppearance of the material near the ee of the envelope 

ar ter polling. It was broken into many short pieces, and 
ve red brown to the naked eye (perhaps the effect of the 
ae water. steam on the o11 treatment of 

ginal material). Fig 16a and 16b are about 400 
pani os. 
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BOILING TEST OF PIPE INSULATION 


Specimen 13 
tent tation fro opieseabe oP 
| Mepetecturer: ovens-Coming Piberslas Comeny 

| Ydentification Hame GP symbOli’ Loose £111 Fiberglas wool 
Binder used: None Pat : 
Length of section: 7 ft - 2 in, 


Thickness of insulation: 1,5 In. . 


Method of Application 


Method of fastening: A weighed amount of loose fill Fiberglas was 
apread evenly on a@ fiat piece of l6-mesh gai- 
vaniged screen wire and held in place 
by stitches of cotton string. Even though the 
insulation was spread as evenly as possible, 
there was an appearance of clwaps in the layer 
and probable variations in density. The width 
ef the screen wrapper and the amount of insulation 
used was such that the insulation would be | 
compressed to a density of 7 lb/eu ft and a 
thickness of 1-1/2 in, when wrapped around the | 
pipe with the wire mesh overlapping two in, at | 
the edges, The screen w rwas held in place | 
pag in, bands epaced 8 in, apart. See 
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Test Results 
Amount fallen from pipe: About 10 percent of glass wool as weighed 
.. @ry before Gos Gad eter boiling. 


Pipe exposed at several small spots and some local loss 
of fibrous material 


. to : Fig 15, rt specimen, shows e 
ference photographs ig 15, night spec . appearanc 
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BOILING TEST OF PIPE INSULATION 


Specimen 14 

Deseription of Material 
Manufacturer: Owens=Corning Pibergias Company 
| Identification name or sywbol: Kayo 
, Binder used: Silicate 
«Length of section: 3 ft 
‘Thickness of insulation: 1-1/2 in. 
Covering: Canvas on lst and short sections 
Pipe diameter: 4 in, 


Method of fastening: chs _ straps spaced 12 in, apart 
Position of joints: lst section + Joints horizontal 

end section « Joints vertical 

3rd section - Joints horizontal 
Covering used: Canvas on ist section and short section 


Other features: Longitudinal joints did not clese by 
insulation was tightly fitted to the 


insulation eavity was a little too tty in diameter, 


Hage when 
- pipe. 
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mount fallen from pipe: None after 72 hours 


int 4 G4 slight on # in. Py 


4 — and ruptures: None 


a reetont Rages of vertical joints ro 30 that circumference of 
he wo half sections lost about 1 in. after 144 hours boiling. 


| Ratetense to photoeraphe: Fig 17 shows appearance after 72 hours 
a 4 oe , bo iing 
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BOILING TEST OF PIPE INSULATION 


Specimen 15 

Dese f Material 
Manufacturer: Owens-Corning Piberglas Company 
Identification name or symbol: Premolded Fibergilas, Standard 
Binder wsed: Phenolic 
Length of section: 3 ft. 
| Thickness of insulation: 1.5 ims 
_ Pipe diameter: 4 in, 


Method of Application 


Method of fastening: lat ene pasa | straps ~ wien hrs + ze hes. 
end section, 4 copper wires = 72 hrs - new 
section, 4 straps 72 hrs. 
3rd seetion, 2 atraps - 72 hrs + 72 hrs 


Position of joints: at section - Joints vertical 
Pie ... Gad section - Joints horizontal 
3xa section - Joints vertical 


Other features: None 


- 
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_ Amount fallen from pipe: After 72 hrs. 
| a Wiese ie cet iat section, none, 

al Ee end section, Mas 4 half off pipe, part of 
ne: , bottom -hanging by wires 
HOMO ee Replaced with a nee length. 
a 3rd section, none 
| 3 “appeal at joints: ist and 3x1 sections tight at longitudinal 
ee a A joints, 2nd section not on pipe so no butt 
| J we vA dia aes te oints. 


cracks ‘ana ruptures: None 
‘Praying: Very slight fraying at all joints. 
‘Swelling: Very slight 


‘Erosion: Butt joint end eroded to a coneave shape on sections 1 
oe Soe and 3. Longitudinal joints eroded slightly at surface, 


‘other dennnat After 144 hres; Ist section; right side off pipe; 
iH . of left side hanging at bottom by straps. 

2r “a Meng. laced 2nd section; joints tight; 
e erosion at surface, 
el Sak axel vd section; longitudinal joint 


Mig 16 shows the appearance wad the ins- 
ulation after 72 hours boi The 
first section, secured with s raps, shows 
slight erosion and tap eg “The second 
ag gt Yn with wires, had separated 
from the pipe and a oo had falien into 
the bottom ef the tank 
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Specimen 16 


BOILING TEST OF LOOSE PILL FIBERGLAS IN 
STILLWATER CLAY PRODUCTS CERT-A-BAR SYSTEM 


i ae Loose Pill Piberglas saeukion, manufactured by Owens-Corn- 
_ ing Fiberglas Company, was boiled inside ait: &: Sate Sears 


pipe, both Jocated inside @ clay tile conduit made of S-inch hi 
“_ blocks and S~inech semi-cylindrical arch tile, : * 


fhe thickness of the insulation varied froma minimm of about 
1.72 inches around the top haif of the 4-inch pipe to &@ maximum of 
sqorembnabetg Aer: 4.75 inches at some places underneath the 4-inch 
Pipe. 


The insulation had been subjected, during ecarlier tests, to 
a heating and cooling cycles, and to numerous wetting 

and drying eyed without boiling the insulation. ‘The insulation 
had @ seMl~rigid molded characteriatice before the boiling test 

and the fibers were brittie and broken inte short pieces near the 


* 


Bolling Procedure 


The ends of the system were To so it could be filied with 

oo The water level was indicated by an extermal aight glass 
and makeup water was added te replace that evaporated to maintain 

the water level at the top of the insulation space, ‘Steam was 
aeeoamnet into the 4. Heanch pipe et a pressure of 125 psig and the 

ure was maintained for 72 hours, The steam generated inside 

conduit was vented to the atmosphere through two vertical 
2 x 3einch ducts placed, one at each end of the test specimen, at 
the top of the cylindrical arch tile forming the top of the conduit, 
The vertical leg of the two vents was about 4 feet long, 
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Test Results 


Fig 19 shows the appearance of the insulation in the conduit 
after boiling 72 hours. The dark streak at top center is a cop- 
per tube used at one time to introduce water to the insulation. 


Fig 20 shows the appearance, at the downstream end, of the 
Pe oatten The 4 in. pipe is exposed for about 1/2 of its cir- 
eumference on the lower side, There was considerable loss of 
insulation only near the outlet end for a distanee of about 3 ft. 
A small amount was also lost at the inlet end. Apparently the 
insulation was carried out of the vertical vent pipes by the surg- 
ing water and steam. ‘Some pulverized glass fibers were found in 
the vent pipe at the end of the test, Exeept for the loss ind- 
ieated above, there was little evidence of any voids in the remain- 
der of the insulation, 
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THE NATIONAL BUREAU OF STANDARDS 


The scope of activities of the National Bureau of Standards at its headquarters in Washington, 
D. C., and its major laborateries in Boulder, Coleo.. is suggested in the following listing of the 
divisions and sections engaged im technical work, In general, each section carries out specialized 
research, development, and engineering in the field indicated by its title. A brief description of 
the activities. and of the resultant publications, appears on the inside front cover. 


WASHINGTON, D. C. 


Klectricity and Electronics. Resistance and Reactance. Electron Devices. Electrical Instru- 
ments. Magnetic Measurements. Dielectrics. Engineering Electronics. Electronic Instrumen- 
tation. Electrochemistry. 

Optics and Metrology. Photometry and Colorimetry. Optical Instruments. Photographie 
Technology. Length. Engineering Metrology. — 

Heat. Temperature Physics. Thermodynamics. : Cryogenic Physics. Rheology. Engine 
Fuels. Free Radicals Research. 

Atomic and Radiation Physics. Spectroscopy. Radiometry. Mass Spectrometry. Solid State 
Physics. ‘Electron Physics. Atomic Physics. Neutron Physics. Nuclear Physics. Radioactiv- 
ity. X-rays. Betatron. Nucleonic Instrumentation. Radiological Equipment. 

Chemistry. Organic Coatings. Surface Chemistry. Organic Chemistry. Analytical Chemis- 
try. Inorganic Chemistry. Electrodeposition. Molecular Structure and Properties of Gases. 
Physical Chemistry. Thermochemistry. Spectrechemistry. Pure Substances. 

Mechanics. Sound. Mechanical Instruments. Fluid Mechanics. Engineering Mechanics. 
Mass and Scale. Capacity, Density, and Fluid Meters. Combustion Controls. 

Organic and Fibrous Materials. Rubber. Textiles. Paper. Leather. Testing and Specifica- 
tions. Polymer Structure. Plastics. Dental Research. 

Metallurgy. Thermai Metallurgy. Chemical Metallurgy. Mechanical Metallurgy. Corrosion. 
Metal Physics. 

Mineral Products. Engineering Ceramics. Glass. Refractories. Enameled Metals. Concret- 
ing Materials. Constitution and Microstructure, 
Building Technology. Structural Engineering. Fire Protection. Air Conditioning, Heating, 
and Refrigeration. Fleor, Roof, and Wail Coverings. Codes and Safety Standards. Heat 
Transfer. 

Applied Mathematics. Numerical Analysis. Computation. Statistical Engineering. Mathe- 
matical Physics. 

Data Processing Systems. SEAC Engineering Group. Components and Techniques. Digital 
Circuitry. Digital Systems, Analog Systems. Application Engineering. 

@ Office of Basic Instrumentation. ¢ Office of Weights and Measures. 


BOULDER, COLORADO 


Cryogenic Engineering. Cryogenic Equipment. Cryogenic Processes. Properties of Materials. 
Gas Liquefaction. 

Radio Propagation Physies. Upper Atmosphere Research. “lonospherie Researeh. Regular 
Propagation Services. Sun-Karth Relationships. VSLE Research. 


Radio Propagation Engineering. Data Reduction Sostrumentation. Modulation Systems. 
Navigation Systems. Radio Noise. Tropospheric Measurements. ‘Tropospheric Analysis. 


Radio Systems Application Engineering. Radio Meteorology. 
Radio Standards. High Frequency Electrical Standards. Radio Broadeast Serviee. High 
Frequency Impedance Standards. Calibration Center. Microwave Physies. Microwave Circuit 


Standards. 
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